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Abstract

Stretchable and flexible electronics that comply with dynamic movements and micromotion of the human tissues can enable real-time
monitoring of physiologic signals onto the human skin and in the brain, respectively. Especially, gallium based liquid metal
stretchable electronics can offer human-interactive biosensors to monitor various physiologic parameters. However, the liquid-like
nature, surface oxidation and contamination by organic materials, and low biostability of the liquid metals have still limited the
long-term use as bioelectronics. Here we introduced electrochemical deposition without oxidation pathways to overcome these
practical challenges in liquid metal bioelectronics. CNT/PDDA composite with reduction way and PEDOT:BF, with oxidation way
under organic solvent are suggested as rationally designed material engineering approaches. We confirmed that the structures with
the soft, flexible, and stretchable liquid metal platform can successfully detect dopamine with a high sensitivity and selectivity,
record neural signals including action potentials without scar formation, and monitor physiologic signals such as EMG and ECG.
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A A= A A AE FABES slF7] vzl o2
£ 7R} 2 (wearable electronics), 1A 5on-skin electronics), 4x3%
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Fig. 1 (a) Schemetic illustraton showing the surface chemistry
change with the aid of SEM images. (b) FT-IR spectra
of the Ga droplet in DMEM for a week. (¢) Ga 2p
core-level spectra and (d) overall XPS survey scans of
Ga surface for 45 days.
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Fig. 2. (a) SEM images of Au functionalized on the liquid metal
surface and after incubation(in PBS at 37°C) for a day.
(b) SEM image of the CNT/PDDA composite with EDS
images. (¢) EDS analysis of the magnified liquid metal

Current [uA]

surface after removing CNT/polymer composite layers.
(d) IlNlustration showing PEDOT:BF, electrochemical
deposition and SEM images of PEDOT functionalized
liquid metal based (LMEs). (e)
Electrchemical porperties of PEDOT:BF; (left: bode
impedance, right: CV curves). (f) Electrochemical

electrodes

stability confirmation form 1000-cycle successive CV

scans (scan rate: 1.0 V/s).
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Fig. 3. (a) Linear fit result over R>=0.99 in a range of 25 nM
to 1 yM DA concentration measured by CNT/PDDA
with  Au NPs(red) and CNT/PDDA (black)
nanocomposites layers(left) and CV curves with DA
concentrations under 2.0 mM AA and 1.0 mM UA
physiological buffer(right). (b) Acute single-unit action
potential recording from a nonhuman primate illustrated
at left scheme; resampled at 1 kHz with piled single-unit
action potentials from acute successive recording
signals(middle) and principal component analysis(PCA)
result showing distinct clusters(right). (c) Images of a
16-channel EMG sensor with a magnified recording side
after PEDOT:BF; encapsulation(left) and repeated
patterns of the wrinkled PEDOT:BF; based EMG
signals with the standard deviation(blurred) obtained
from each channel pair(N=10, right).
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